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ABSTRACT 
i 
Plastic limit analysis has been applied successfully 
in the determination of the bearing capacity of plain 
concrete materials. This report presents an experimental 
investigation of the bearing capacity of random wire 
reinforced concrete and plain concrete through the use of 
plastic limit analysis. 
It was found that the bearing capacity of both the 
reinforced and plain materials could be accurately pre-
dicted through the use of the theorems of plastic limit 
analysis and, that the more ductile random wire reinforced 
material conformed better to the theoretical predictions. 
It was also found that concrete materials under 
axial symmetric stress conditions can sustain tensile 
strains on the order of 13 to 14 times those normally 
measured in direct tensile testing. 
1. INTRODUCTION 
In a recent effort to obtain an analytical solution 
for the bearing capacity of concrete blocks, it has been 
proposed that plastic limit analysis be employed [3]. 
The fundamental assumption made for the application of 
this analysis is that the local ductility of concrete 
materials under multiaxial stress conditions is sufficient 
to allow a complete redistribution of stresses. Previous 
experimental work in measuring local tensile strains in 
plain concrete indicated reasonable justification for this 
assumption [4]. However, it was pointed out that wire 
reinforced concrete, because of its greater ductility, 
would probably give better correlation to the theoretical 
predictions because of its increased ability to redistri-
bute stresses [2]. 
Previous work with randomly oriented wire fiber 
reinforced concrete was conducted through the testing of 
beams, where the material is subjected to a stress 
gradient [5] and by direct compressive and indirect ten-
sile testing where the material is subjected to uniaxial 
and nearly biaxial states of stress respectively [1]. 
In these previous tests, it was found that substantial 
increase in the tensile strength and ductility of concrete 
can be achieved with the short lengths of wire in random 
orientation. It was considered advisable to check the 
validity of the limit analysis solution experimentally for 
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the wire reinforced concrete, as well as the plain 
concrete, through the testing of cylindrical specimens 
loaded through circular punches to obtain the bearing 
capacity. Also, it was desirable to obtain more data 
concerning the deformation of the reinforced and plain 
concrete materials under axially symmetric stress con-
ditions. 
The work reported herein is essentially a contin-
uation of references 1 to 4. Herein the bearing capacity 
for the materials was obtained and compared with those 
as predicted through the use of plastic limit analysis. 
The strain distribution along the centerline of the 
specimen was measured during the test to justify the 
assumption by which such a method of analysis was applied. 
2. SCOPE 
The investigation reported herein was conducted 
through double punch testing. The double punch method 
consists of loading a cylindrical specimen through two 
circular metal punches mounted on the centerline of the 
specimen at opposite ends (Fig. 1). 
Specimen diameter and punch diameter were constant 
at 6 inches and 1.5 inches respectively. The height of 
the specimens varied from 4 to 10 inches in 2 inch incre-
ments. The age and curing conditions for both the plain 
and reinforced mortar and concrete were varied and, the 
percentage by volume of wire reinforcement was also 
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varied within the limits for optimum strength and 
ductility as previously determined [1]. 
3. EXPERIMENTAL WORK 
SPECIMENS 
All specimens were mixed and cast in accordance with 
ASTM specification Cl92. The specimens were allowed to 
set during the first 24 hour period and, were then placed 
in a humid room for either 7 or 14 days corresponding to 
their curing conditions for the specific set. After 
curing, the specimens were air dried for 7 and 14 days 
corresponding to their curing period. The specimens were 
then tested at 14 and 28 days. A total of 188 specimens 
were tested, of which 60 were mounted with strain gages. 
~ Specimens with strain gages were of 6 and 8 inch 
heights and, were cast with a centerline hole of 3/4 inch 
diameter. The hole .was used for the mounting of ~hree-
directional electrical resistance strain gage rosettes. 
Preliminary testing had indicated that specimens under 
double punch loadirig were in continuous compression over 
the horizontal centerline plane. Thus, it was concluded 
that specimens for the experiment could be cast with a 
bisecting horizontal plane to facilitate the mounting of 
the strain gages (Fig. 1). 
MATERIALS 
Both plain and reinforced concrete and mortar were 
tested. The concrete mixture consisted of 1 cement 
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(Portland light) to 1.6 sand to 1.5 crushed stone 
aggregate (grade lb, nominal diameter of 1/2 inch) to 
0.41 water by weight. The mortar consisted of 1 cement 
to 3 sand to 0.52 water by weight. 
All mixings were done in a small rotary mixer. 
Materials, except for the wire were first dry mixed, then 
the water was added. After the mixture had come to 
uniformity, the wires were added slowly to insure random 
distribution. 
The reinforced concrete and mortar were of the same 
proportions as the plain materials but, the randomly 
oriented fiber reinforcement produced both higher tensile 
strength and ductility. The wire reinforcement consisted 
of short lengths of 26 gage wire. The optimum percentage 
by volume and length of reinforcement for strength and 
ductility we~e determined in previous testing [1]. The 
concrete specimens were reinforced to 0.75% and 1.5% by 
volume with one inch long fibers. The mortar specimens 
were reinforced to 0.75% by volume with one inch fibers. 
The compressive and tensile strengths for the 
reinforced and plain materials were determined through 
direct compressive and indirect tensile testing of con-
trol specimens. 
TESTING PROCEDURE 
Loads were applied to the specimens until failure 
occured . For the specimens with strain gages, the loading 
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was accomplished in two kip intervals to allow reading 
of the strain gages. All strain gages were monitored 
and recorded through the use of a B&F Digital Micro-
Strain Recorder. 
4. RESULTS 
BEARING CAPACITY 
The predicted values of bearing capacity were 
determined from the solution reported by Chen and Drucker 
[3]. The direct tensile strength used in the calcula-
tions was taken to be 80% of the value obtained through 
indirect tensile testing and, the friction angle for all 
of the materials was taken to be 20 degrees. 
Figures 2, 3, and 4 show the nondimensional plot of 
the ratio of the ultimate bearing pressure to the com-
pressive strength versus the ratio of the specimen height 
to punch radius for reinforced and plain mortar and con-
crete cylinders tested. It can be seen from the figures 
that for unreinforced mortar and concrete, the test 
data begins to deviate from the predicted upper bound 
predictions at a specimen height of 8 inches (H/a = 10.66). 
This would represent the limit to which the extensibility 
of the material justifies the application ~f plastic limit 
analysis. 
The reinforced material was known to have a greater 
ductility under both tensile and compressive loading [1] . 
This greater ductility is evidenced by the fact that the 
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reinforced material conformed to the predicted upper 
bound for the bearing capacity at the 10 inch specimen 
height (H/a = 13.33) where the less ductile plain mate-
rial did not. 
MODE OF FAILURE 
Figure Sa shows representative 4, 6, 8, and 10 inch 
specimens of unreinforced concrete which were tested. 
The desired multiple fracture mode is observed up to the 
8 inch height (H/a = 10.66) and, the 10 inch (H/a = 13.33) 
specimens exibited the nonconforming single plane frac-
ture. Figure Sb shows representative specimens for the 
concrete which was reinforced to 1.5% by volume with 1 
inch fiber lengths. In this case, the multiple fracture 
mode is observed in the 10 inch (H/a = 13.33) specimens. 
Comparison of these fracture modes to the plot of figure 
4 shows the implication of the observed failure modes. 
The same correspondance can be seen by comparing the 
fracture modes of the plain and reinforced mortar speci-
mens shown in Figure 6 to the plot for the mortar data 
in Figure 2. 
STRAIN DISTRIBUTION 
Figures 7 and 8 represent the strain distribution 
data as compiled from tests performed on a number of 
specimens of plain and reinforced mortar. The plot is of 
the tensile and compressive strains in the principle 
directions versus the distance _from the nearest punch. 
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The principle directions were found to be close to the 
horizontal and vertical directions and, any deviation 
was insignificant. 
Figure 7 shows that for the unreinforced material 
the order of local tensile strain is approximately 1300 
micro-inches per inch. This value is approximately 13 
times the usual values measured for specimens tested in 
direct tension and, roughly twice those values measured 
in indirect tensile testing. 
Figure 8 represents the strain distribution plot for 
the wire reinforced material. The local tensile strains 
measured here were approximately 1400 micro-inches per 
inch and, the specimens exibited a much better stress 
redistribution. 
5. CONCLUSIONS 
The test data clearly shows that the bearing 
capacity of concrete materials can be accurately predicted 
through the use of plastic limit analysis. As was expect-
ed, the more ductile wire reinforced material redistri-
buted stresses over a greater length than the plain mate-
rials. 
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